Zika virus (ZIKV) and chikungunya virus (CHIKV) are important human pathogens and mosquito-borne arboviruses, which have resembling history, common vectors, circulating regions, and indistinguishable clinical symptoms. Wide geographical range that is suitable for ZIKV and CHIKV transmission underlines the concern about the impact of epidemic and endemic infections on burden of public health. In the present study, a highly sensitive and specific one-step multiplex real-time RT-PCR assay was developed and evaluated for simultaneous detection and quantification of ZIKV and CHIKV. The single reaction assay employs two pairs of primers and two TaqMan probes that differentiate ZIKV and CHIKV infections. The entire viral genomic RNA in vitro transcribed from full-length infectious clones were used to generate the standard curves for absolute quantification in subsequent tests. The detection limit of the one-step multiplex assay was 1 and 0.5 PFU for infectious ZIKV and CHIKV, respectively. The assessment of specificity indicated this assay is highly specific to 
transmitted by mosquitoes of genus Aedes (mainly A. aegypti and A. albopictus) 4, 5 that also spread and reserve ZIKV. 6, 7 The two mosquitoborne viruses were firstly discovered in Africa more than 60 years ago. 6 During the following decades ZIKV and CHIKV emerged and re-remerged in the regions and countries of Africa, Asia, Oceania, and Europe, [8] [9] [10] and caused major epidemics in South America from 2015 to 2016. 11, 12 Growing human populations, urbanization, climatic changes, international travelling, and trades contribute to the extensive spread of ZIKV and CHIKV to the areas where mosquitoes Aedes have been infested. [13] [14] [15] Additionally, the diagnosis of ZIKV and CHIKV infections is easily confounded by asymptomatic presentation or similar mild flu-like symptoms as other tropical infectious diseases or even for each other, which underscores the accurate detection for these notorious viruses in clinical diagnosis. Researchers have found that asymptomatic people infected by DENV can be infectious to mosquitoes despite their lower average level of viremia, suggesting subclinical infections could contribute to virus transmission. 16 For prevention and detection of local transmission of ZIKV and CHIKV via both human and mosquito surveillance, developing a highly specific and sensitive detection method with rapid outcomes appears particularly important. For these reasons, we established a one-step multiplex real-time RT-PCR assay to efficiently and simultaneously detect and quantify ZIKV and CHIKV, and subsequently evaluated the performance of the single reaction assay in determining multiplication of virus and testing clinical samples.
| MATERIALS AND METHODS

| Primer and probe design
In order to design efficient primer pairs and hybridization probes, we identified the conserved regions of viral genome among strains of ZIKV and CHIKV. The nucleotide sequences of entire genome of ZIKV and CHIKV (a total of 103 and 333 genome sequences for ZIKV and CHIKV, respectively) from previous and recent outbreaks were retrieved from GenBank database and aligned using the sequence alignment software Clustal X. The primers specific to ZIKV were optimized based on our previous study. 17 A ZIKV TaqMan probe, and primers and probe specific to CHIKV were newly designed using Primer Premier 5 software in this study. Sequences, positions within genome, and length of products for all oligonucleotide primers and probes are listed in Table 1 .
| Plasmids
Genomic RNA transcripts derived from in vitro transcription of the full-length infectious clones were used as RNA standards. The fulllength cDNA clones of ZIKV (strain MR_766, unpublished data) and CHIKV 18 were constructed in our laboratory. Other genomic RNAs of flaviviruses, such as JEV (SA14 strain), 19 Dengue virus serotype 2 (DENV2, TSV01 strain), 20 West Nile virus (WNV, 3356 strain), 21 tick-borne encephalitis virus (TBEV, WH2012 strain), 22 Omsk hemorrhagic fever virus (OHFV, Guriev strain), 23 and YFV (17D strain), 24 were also obtained through in vitro transcription from the corresponding full-length cDNA plasmids. In vitro transcripts were produced by using T7 mMESSAGE mMACHINE kit (Ambion, Austin, TX). was isolated by Prof. Cheng-Feng Qin, 25 and FSS13025 was a kindly gift from him. The strain WIV-SZ01 of ZIKV (GenBank accession number: KU963796) was isolated from C6/36 cells in our recent study. 26 The CHIKV strain CHIKV-JC2012 were rescued through serial passages in C6/36 cells, 18 
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| TaqMan one-step real-time RT-PCR assay
Real time RT-PCR assay in this study was performed using One
Step 
| Plaque assay
The supernatants were collected from cells infected with viruses and titrated by plaque assay as described in previous study. 19 Briefly, virus supernatants were 10-fold serially diluted, which was added to BHK-21 monolayers seeded in 24-well plate. The plates were incubated at 37°C with 5% CO 2 for 1 h, and then the layer of 2% methyl cellulose was added. Following the incubation at 37°C for 3-4 days (4 days for ZIKV and 3 days for CHIKV), the cells were fixed with 3.7% formaldehyde and stained with 1% crystal violet. The plaqueforming units (PFU) per mL were calculated.
| Clinical specimens of CHIKV
RNA was extracted from 10 blood serum samples which were obtained from MVCCC. These blood serum samples were collected from 10 febrile patients in Karachi, Pakistan between December 2016 and January 2017, during which the CHIKV outbreak occurred. According to the records, all patients had symptoms of fever, joint pain, headache, or rash, and experienced mosquito bites without travelling abroad.
| RESULTS
| Standard curves of one-step multiplex real-time RT-PCR assay
The genomic RNAs transcribed from full-length infectious cDNA clones were used to establish the standard curves for ZIKV and CHIKV.
To achieve reliable standard curves, serial dilutions (10-fold) of RNA copies with a linear range from 10 3 to 10 8 copies/µL were used in the multiplex real-time RT-PCR assay. The standard curves were generated by plotting the threshold cycles (C T ) values (Y axis) against the logarithm of copy numbers of RNA transcripts (X axis). As shown in 
| Evaluation of sensitivity and specificity of one-step multiplex real-time RT-PCR assay
The sensitivity of one-step multiplex real-time RT-PCR assay for detection of both ZIKV and CHIKV were evaluated by using viral showed only background signals of FAM and VIC in the assay (Table 2) .
Meanwhile, the same amount of ZIKV and CHIKV genomic RNAs as positive controls were expectedly detected, whereas the negative control without a RNA template generated a background signal. 
| Application of one-step multiplex real-time RT-PCR in clinical samples of CHIKV
To further assess the performance of the one-step multiplex real-time RT-PCR assay in clinical samples, we tested 10 RNA specimens previously extracted from human patients' sera in Pakistan in 2017.
These cases were confirmed by SYBR Green-based real-time RT-PCR method, indicating 8 of 10 patients were infected by CHIKV. In (Table 4 ).
| DISCUSSION
ZIKV and CHIKV, following the resembling transmission pathway and sharing the same mosquitoes vectors, 6 are displaying a growth trend of endemic and epidemic transmission globally. 11, 13, 14, [27] [28] [29] The extensive overlap of the two viruses complicates the diagnosis of patients with similar clinical symptoms. 30 Furthermore, each of the two viruses could lead to severe and chronic diseases that pose heavy burden on public health around the world. Therefore, the current situation highlights the urgent need of developing a fast and discriminable detection method of these viruses that can contribute to proper management decisions and appropriate patient treatment.
In previous studies, there were assays developed to simultaneously detect DENV and CHIKV. [31] [32] [33] [34] [35] Recently, several studies have been focused on simultaneous detection of ZIKV, CHIKV, and DENV based on TaqMan or isothermal amplification method. [36] [37] [38] The current situation and increasing studies highlight the urgent need of developing a fast method for detection, quantification, and surveillance of these viruses, which can contribute to proper management decisions and appropriate patient treatment.
In this study, we have developed and validated a one-step 
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